Abstract. The development and evolution of bird songs may be influenced by the mechanisms that underlie sound production, although the nature of this influence is not well understood. Here it is shown experimentally that vocal development in songbirds can be affected by physical limits on how birds are able to sing. Young swamp sparrows, Melospiza georgiana, were presented with conspecific song models modified such that rates of syllable repetition were increased above normal rates. Imitations of these songs were inaccurate in ways that indicated motor constraints on vocal performance and that did not indicate perceptual or memory-based constraints. Some song imitations were deficient in trill tempo and/or syllable composition, and others were produced with a species-atypical 'broken' syntax, in which pauses were interspersed within songs. These results illustrate how the development and evolution of trill structure can be limited by motor constraints on vocal production, and also identify a possible mechanism for the evolution of a novel form of song syntax. 1996 The Association for the Study of Animal Behaviour
Although young songbirds generally learn their songs through imitation (Kroodsma 1982; Slater 1989) , song development can still be a highly restricted process. For example, birds tend to copy conspecific and not heterospecific songs (Konishi 1978; Marler & Peters 1989) , may not imitate songs heard before or after a 'sensitive phase' for song acquisition (Marler & Peters 1987) , and may eliminate memorized song models from their vocal repertoires during song ontogeny (Marler & Peters 1982; Marler 1991) . Such restrictions are thought to occur primarily as a result of selectivity in the mechanisms by which young birds memorize, store and access song representations during song ontogeny (Slater 1989) . Much recent work has been directed towards understanding how song model selection is influenced by perceptual predispositions (e.g. Nelson & Marler 1993) and social interactions (e.g. Baptista & Petrinovitch 1984; West & King 1988; Beecher et al. 1994) .
By contrast, song development is thought not to be restricted by limits on how birds are able to produce sound (Marler 1976 (Marler , 1984 Konishi 1985) . Once a songbird has memorized a song model (during the 'memorization' phase of song learning; Slater 1989), it is thought that the subsequent reproduction of that model (during the 'motor' phase of song learning; Slater 1989) will not normally be impeded by limits on vocal performance. Evidence for this conclusion is that birds are sometimes able to produce good copies of heterospecific songs (e.g. Baptista & Petrinovitch 1984) and that the morphology of the vocal apparatus within oscine families is highly uniform (Ames 1971). Both lines of evidence suggest that the vocal physiology of related species within the Passeriformes is functionally equivalent, so that, for example, the tendency of birds to learn conspecific rather than heterospecific songs cannot be attributed to productionbased constraints. Marler (1976 Marler ( , 1984 and Konishi (1985) acknowledged that the mechanics of sound production might limit song learning in other ways, for example, with respect to how variants of conspecific song are learned, although data in support of this point have been lacking.
Song production is of course constrained in an absolute sense: birds of a given size are physically unable to produce sounds beyond particular frequency ranges, durations and repetition rates (e.g. Ryan & Brenowitz 1985; Nowicki et al. 1992 ). It is not clear, however, how such constraints might
